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Svensson [Found. Phys. 45, 1645 (2015)] argued that the concept of the weak value of an
observable of a pre- and post-selected quantum system cannot be applied when the expectation
value of the observable in the initial state vanishes. Svensson’s argument is analyzed and shown to
be inconsistent using several examples.
In a paper with a provocative title “Non-representative
quantum mechanical weak values” [1] Svensson claims
that under certain conditions the weak value does not
represent an undisturbed quantum system. Weak values
were introduced as outcomes of weak measurements in
the limit of weak coupling [2], but Svensson argues that in
some cases the weak limit is discontinuous and, therefore,
we cannot associate the weak value with the undisturbed
system as it is commonly done. Here we refute Svensson’s
arguments.
Svensson begins by outlying a procedure to arrive at
(the real part of) the weak value of an observable of a
quantum system. This scheme entails taking the coupling
constant g to the limit g → 0. This approach is different
from the one originally used in the introduction of weak
values, where the limit taken, ∆ → ∞, was related to
the quantum state of the measuring device [2]. The two
cases are not entirely equivalent as g is a property of the
interaction and ∆ is a property of the pointer, and so it
is not clear that Svensson’s argument can be stated for
the original proposal. However, if we wish to consider
discrete pointers (such as the interaction of a spin with
another spin) we must indeed use the limit g → 0, and
so it is worth considering Svensson’s critique.
“DISCONTINUITY” OF WEAK VALUE
Svensson claims that the outlined scheme is ‘discontin-
uous’, in that taking g → 0 does not represent the undis-
turbed g = 0 case if 〈in|S|in〉 = 0. That is, the process is
discontinuous if the operator whose weak value we wish to
measure takes the system’s initial state (the pre-selected
state) to an orthogonal one. However, no discontinuity
is demonstrated. While S|in〉 = 0 may be orthogonal to
|in〉, nowhere does this suggest a discontinuity when tak-
ing g → 0. The operator describing the evolution (their
Eq. (2)) is exp(−igS ⊗ PM ), and to the first order in
g the state of the system and the pointer following the
interaction is, as Svensson shows,
|in〉 ⊗ |m〉 − igS|in〉 ⊗ PM |m〉. (1)
It is very clear from this expression that the total state
does in fact merge smoothly with the state in the g = 0
case when taking g → 0.
SVENSSON’S SPECIAL CONDITION
Svensson’s special condition for which he argues that
the weak value “has a problem” is 〈in|S|in〉 = 0. He
focuses on the second term of (1) alone, writing that this
is “the source of the weak value”. He does not explain
what it might mean: the weak value depends on several
factors. Anyway, in the weak limit, the total state of
the system is nearly unchanged whatever the effect of S
on the system may be. The ‘derailing’ of the system is
always very small compared to the original state which
remains unchanged, and it makes no difference whether
this small addition is orthogonal to the original state or
not.
Svensson then continues with a few examples where
we might have 〈in|S|in〉 = 0. He reiterates that this is
“a problem” but does not demonstrate what this problem
is, nor how usage of standard two-state vector formalism
in these cases causes any sort of unwanted or inconsistent
result. We argue that no problem exists.
We will consider now several examples in which Svens-
son’s criterion runs into problems. First, consider a sys-
tem with a pre-selected state which is an eigenstate of
S, with eigenvalue zero. Here, the measurement interac-
tion does nothing at all. It is clear that the resulting weak
value of zero is in fact descriptive of the fact that nothing
happened. There is no derailment. Svensson addresses
the case of S|in〉 = 0, but does not consider this simple
example. If one accepts that the example given is clearly
descriptive (there is no question that the pointer state
does not change at all), then the condition 〈in|S|in〉 = 0
is not relevant in this case and is inconsistent. We will
consider less trivial examples in the following sections.
SVENSSON’S CONDITION FOR A SPIN-
1
2
PARTICLE EXAMPLE
Consider next a spin- 1
2
particle, pre-selected in
|in〉 = |↑x〉 and postselected in |out〉 = |↑z〉 with an
operator S = σz . In this case S|in〉 is nonzero, but
〈in|S|in〉 = 0. According to Svensson, this case should be
problematic. However, let us now, instead of measuring
the spin in the zˆ direction, perform a measurement of spin
in the zˆ+ xˆ direction, S+ ≡
1√
2
(σz + σx) and a measure-
2ment of spin in the zˆ − xˆ direction, S− ≡
1√
2
(σz − σx).
Since S = 1√
2
(S+ + S−), and since the weak values are
additive, (A+B)w = Aw +Bw, we can measure weak
value of S as the sum of weak values of S+ and S−.
These weak measurements should not have a problem
since 〈in|S+|in〉 =
1√
2
and 〈in|S−|in〉 = −
1√
2
, i.e. none
of these expressions vanish. By Svensson’s arguments,
the two resulting weak values are descriptive of the sys-
tem but their sum is not.
Now, imagine that for the spin measurement of σz
the pre- and post-selection are flipped, meaning a pre-
selection of |↑z〉 and post-selection of |↑x〉. According to
Svensson, there is no problem in this case, 〈in|S|in〉 = 1
and the system is “well-behaved”. However the two-state
vector formalism is time-symmetric. It makes little sense,
then, to base an objection on the effect of S on |in〉 and
not to address its effect on |out〉. His objection is there-
fore inconsistent or, at best, incomplete.
NESTED INTERFEROMETER EXAMPLE
Svensson continues with analysis of the example
of the nested Mach-Zehnder interferometer (based on
[3]). His analysis is inconsistent with his basic claim
that considering the weak value of S is problem-
atic when 〈in|S|in〉 = 0. In the nested interferometer
〈in|ΠB|in〉 6= 0 and 〈in|ΠC |in〉 6= 0. Thus, the weak val-
ues (ΠB)w and (ΠC)w are not supposed to be problem-
atic, but their nonvanishing values are the main story of
the controversy of the nested interferometer.
Neither the interaction in B nor the interaction in C
derail the system into an orthogonal state. Even if we
accept Svensson’s dismissal of the D3 component which
does not reach the detector, we should not ignore the
A-arm component since it does reach the final detector.
Svensson focuses only on the E-arm component, claim-
ing that there is a problem since it is orthogonal to the
undisturbed system. However, one cannot simply look at
only part of the evolved state and claim that the state is
orthogonal.
Note that in the nested interferometer we do have
〈in|ΠE |in〉 = 0, which fits Svensson’s approach for a
problematic point, but the absence of the particle in D
is as strange as the absence of the particle in E, while
〈in|ΠD|in〉 6= 0.
We admit that the points in armsE andD are different
from some arbitrary points outside the interferometer.
Nonzero g does not lead to a nonvanishing probability of
finding the particle outside the interferometer. This is
one of the reasons why arms E and D got the status of
“secondary presence” in [4]. However, the arms E and D
cannot get the status of primary presence which arm A
has, since in the weak limit the magnitude of the trace
in A is infinitely larger than the magnitude of the trace
in E and D. In contrast, the presence in B and C has
primary status, because the trace there is of the same
order as in arm A.
CONCLUDING REMARKS
Svensson’s conclusions are puzzling: “the question
whether the weak value generating state gS|in〉 lies en-
tirely in an orthogonal subspace or not can be given a
yes or no answer for all nonvanishing values of g. And
if the answer is yes, then this state does not represent
S, implying that neither does the weak value: it is con-
structed from a state that is orthogonal to the state of the
undisturbed system and does not describe S.” Nowhere
does Svensson define what ‘describing’ or ‘representing’
a state or an operator means. The statement itself is fur-
thermore perplexing: a weak value is not a state, nor is
it ‘constructed’ from one.
In summary, we have shown that Svensson’s claim
about discontinuity of weak value does not hold. His
arguments are not based on rigorous definitions, and we
have shown that his main criterion contradicts time sym-
metry of the situations for which weak values are defined
and runs into inconsistency in several examples.
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